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There is increasing imcrcsl in dcmrmining lhc elcctromagnclic propctics of malcrial mcdiu

differing from (r= SPC and the cffcas rhcrcof on tic radiation, propagation, and szaucring of
electromagnetic fields. A malcrial propmty of special prcscm imcrcst is that of chiralily.

Chirdily manifests itself as a “harrrkxlncss” wherein a chiral medium &cs not support pro~giuion
of a Iincarly-polarimd plnnc wave, but which insmd d~om~scs imo two circularly-polarized

waves M propagalc w different spcds. Inilial wonk in dris am was dcvomd to developing
various analytical solutions 10 some basic prchlcms such as tic Green’s Dyadic for a poim currcm

sow (Basin eL al. (1986)]. AUcntion is now king increasingly dcvmcd to using his cad y work
fof a variety of applications such as analyzing anum’uas in chiral media [JagEard cl, al. (199 l)];

acallcring from chiral objcds IBhsruac!mryya (199 I ); scmxirrg from ObJCCLShaving chiral coatings

[Usknghl (IWO]; and rcflcclion from planar chiral inlcrkcs lLakhLakia cl. rd. (19H6)I.

The fncus of tic work dcscrilwd here iS dcumnining Ihc wavcnumbcr:; (= -a -j~) of Ihc currcm
waves exc~~ on wire anmnnas Iocalcd in an in finiic chiral medium using Iwo complcrncntary

apprcmchca, Onc is to usc an cxlcnsiou of M existing comfrmcr model (NEC) i Burke and Poggit~

(19R I )] that pcrmiLs madding of arbilrary wkc obju~ kudcd in an infinim chirid mcrlium. 1“111-

olhcr is LOdevelop a solution for an infinitely long cylindrical arwmir also kwatcd in an infiniw

chirrd medium. 71K! lwcr canonical Trotdcm is of irrlcrc..l in iLsown ngh[ m WCII fLUrwoviding iI
rncans for achieving mumal validation with Wc NEC modd.

The thirwwirc, clmxrk-fickt intcgrrd cquati: fur a pcrfctlly+xmd~lin~ wim can ti cxprcwxt M

s’Einc(r)= -JWJC[,)s“[[(r’).r(r,r’)dr’l;r G C(r)

where a t.imc variu[i~m of cJWl htis hccn rmumcd, r and r’ know the ohcrvulion poi[u ml stmrrc

puint where the unil tqmu vwwrs nrc given hy s nnd s’, rqwclivrly, lill~~(r) is W ‘ mcidrm’i
field cxciling the wire, C_.’(r)r,lcscrilws Ihc S[)U[iill twnlour of drc wirr, nml I-(r,r’) is the [irrcn’s

dyadic for the mmlimn. For an irrfiniw chirul medium, the [i~ll’s function cirn Iv wtiucn Illwsirl

cl. d, ( 19M)I

[

I ~-jhlM

)(

~ jh:K

I_dhl(r,r’)=qu ++IxV+— ‘ Vv I 1
h, )

—+il U-+txv+-vv —
h; 41tu , hz h; 4fi
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and h,,,=*cIwY+&m
where u is tie unit dyad and LIWCOIMEUM y c ‘mnhes the degree of medium chimlily M cxprcssd
by llle constilulive rclmicrnships ~asiri, CL al. ‘19Sd)]

D=rE+jyBancl, =jyE+ B/~,
The wavenumber k = wdcp is the achiral-me( d wavenumbcr and c and y are the mcd iurn
permiuivily and prrneability respaively. & can lx m, the pupmionali[y quantities al and

82 @x.nd on Ihe wavenumbs h I and hz for IIE two ci.rcularly.polarimd waves LIMI propagarc in

Lk chiral medium.

The NEC compwer maiel has kn maiificd to include the chind Green’s function to permit tic
modeling of arbitrary wire objtx~ exciti as anlcnnas and scaucrers in a chind medium for which

some initiai resuhs have been repmcd elscwhcrc [Bhauacharyya, Burke and Miller (1992a),
(1992b)]. Extending NH! 10 tbc problcm of a chiml medium somcwha[ complicams computing
llw electric fields of a geneml wim objea Ixcause it is no longer possible 10oblain lhc fields of LIC

sine md cosine terms of lhc tiu-lerm current basis used in NEC in closed fomn Ixcausc of tic
two diffennt pqxagatim conslams. For example, tie zamponcm of the field has tic form

for lhc sine and cosine Lcrms rwpcaivcly and a current “~gmcru” ~ long Ioc.,kx.l cm the z-wtis of

a cylindrical coordinate syslcm. When fhc medium propagation conw.aru kl quals Urc busis

_ation consum ks, tic -s requiring numerical imegriiion cunccl, and w field hwrns rcvcn

10 lhac employed for an infinilc, achiral, mcdiurn. Good rcsuILsarc obuined from NEC using ks

= dh lhz, Evaluating tic fichl of tic consum m of tic CLMTCJII bmis, which hw no propogulion

ccmslant fa hc cuncm, is cwmtially unaffected by tic medium chiridity cxccpI for lhr iiIcI ttm[ u
field compancnLs is produced for h I ~il(l hz, llw NEC cmimamc for WC propagtition conskmt arc

ha.. on solving fm he currcnl on a wire six of so wavclcnglhs long cxciled u quarter wavclcnglh
frum one end and having a m~istivc load a[ IJE odux cnd ~ rcducc lhc currcn~ sumdi~lg-wuvc rilio.

The Comp:cx wavcnumtmr wm then oblaincd from a Imst..squarcx fit [o tic log of magni[udc id

lhc phwsc of ‘h! currcnl using five mmch ~.rinLsover each .scgmcnl,

Onc slarlin~ poinl for modeling un infinilc cylindrical anlcnnu of rudius a Iociml on Ihc z axis 0[’ a

cylindrical coordinulc syslcln is to wrilc an inlcgrtil Cqualitm (m 11u2Currclll 0s
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where S@) is Ure spati ~uum of LIWincident field, HO is a Hankcl function of rhc =ond kind,

imd~=J’.

Evaluationof the infinile-& mm current can be accomplished using numerical quadmwrc or

analytical approximation of k dominam conwibw.ions to tic imcgml. For our purpo.scs, wc do
not need he explicil zdcpenckn[ cumrm, but w ins~d delcrrninc the propagation constaru from
h pcdcs oi the current spwwum m obtin the results which follow. We nolc mat tic
denominator of i(~) involves Imh chiral-malium waves which suggcm that tie mode as.socimul
wih @ &nominalm ~m might be dewitxxl as a “hybrid” wave.

Wavmumbcr results for he current as obuincd frmr h infiiim-anlcnna model und from NEC arc

shown in Fig, 1. The aUemahon (-a) and propagation (-j~) componcms of tic wavcnumher arc
cumpard reaocaiveIy x a function of tic chirality um.want fm two diffcrcm valwx of wuc radius.
Good agrecrnem is obudnd ktwccrr k NEC and infiniwwwrna valus over a chimli[y range of
Id LOabut 0.05. For WC W.IUCSof chirxdi[y shown here, lhc chiral cffut is seen to be grcwcr
wih large-r wire mdii. TM cxcellcm agrccmcm otmaincd confirms both h NEC and infinite-wire

solutions.

The magniude of lhc NEC current on lhc wire for various wire radii and a chimli[y constant y =

0.0 I for a 30-wavclengIh (free spwc) wire modeled using 500 wgmcrw$LSshown in Fig, 2. II c-m

& H for Lheraw invuuigatcd, Ihal as wire radius is incmsc.d, lhcrc is a uansition horn a more
mpidly-aucnualcd currcm near ihc source LUa Ims-a[tcnuamd currcnl fun.hcr down tic wire. The
near-source currenl is a “fasl-wave” made where lhc propagation consum[ is ICM lhan in lhc

ambicnl medium which makes a tmnsition 10 an even “faslcr” mode which cahibiL$ smidlcr
●ucnuation, as Shown in Fig, ~. fhe Wcmualion and propagation COnS~L$ (norrnidizcd w ~ )of

the firal region as olmincd from NEC, -0, 12“ J -j0,9446 mmch those computed fmrn tic F)IC of

the currenl spcclrum, .0, 121U) .j0,9444, qJitc WCII, In Ihc faslcr-wave region, fhc NF.C

pmpngatinn constnnt, .jO.4 134, is CIOW to tic value of h2 which is .jO.4 142,
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Fig, 1. Comparison of he aucnuwion (a) andphase(~) consmms normalizd LO~ for a wire

anlenna in ● chiral medium asa function of chiral pararnacr y asobmined from NEC (k x’s) and
m infini~amcnna model (k solid Iina).

WIB, el?lu MB! -

Fig. 2, Current magnitude as a funclion of

dislancc for30wavelenglh wires of various

! radii as Oblaincd from NEC for a chiral
~mctcr y = 0,0265,
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